In this scientific work, a new shear deformation theory for free vibration analysis of simply supported rectangular functionally graded plate embedded in an elastic medium is presented. Due to technical problems during the fabrication, porosities can be created in side FGM plate which may lead to reduction in strength of materials. In this investigation the FGM plate are assumed to have a new distribution of porosities according to the thickness of the plate. The elastic medium is modeled as Winkler-Pasternak two parameter models to express the interaction between the FGM plate and elastic foundation. The four unknown shear deformation theory is employed to deduce the equations of motion. The Hamilton's principle is used to derive the governing equations of motion. The accuracy of this theory is verified by compared the developed results with those obtained using others plate theory. Some examples are performed to demonstrate the effect of changing gradient material, elastic parameters, porosity index, and length to thickness ratios on the fundamental frequency of functionally graded plate.
INTRODUCTION
unctionally graded materials (FGMs) are a type of heterogeneous composite materials that exhibits a continuous variation of mechanical properties from one point to another. The concept of functionally graded material was first considered in Japan in 1984 during a space plane project. Such kind material is produced by mixing two or more materials by a graded distribution of the volume fractions of the constituents [1] , the FGM is thus suitable for diverse applications, such as thermal coatings of barrier for ceramic engines, electrical devices, energy transformation, biomedical engineering, optics, etc [2] [3] [4] [5] [6] [7] [8] [9] [10] [11] . F However, in FGM fabrication, micro voids or porosities can occur within the materials during the process of sintering. This is because of the large difference in solidification temperatures between material constituents [12] . Wattanasakulpong [13] , also gave the discussion on porosities happening inside FGM samples fabricated by a multi-step sequential infiltration technique. Therefore, it is important to take into account the porosity effect when designing FGM structures subjected to dynamic loadings [14] . Currently, many functionally graded (FG) plate structures which have been employed for engineering fields led to the development of various plate models to study the static, buckling and vibration responses of FG structures [15] [16] [17] [18] [19] . The classical plate theory (CPT) is based on the supposition that straight lines which are normal to the neutral surface before deformation remain straight and normal to the neutral surface after deformation. Since the transverse shear deformation is neglected [20] [21] [22] [23] , it cannot be suitable for the investigating of moderately thick or thick plates in which transverse shear deformation effects are more important. For FG thick and moderately thick plates; the first-order shear deformation theory (FSDT) has been employed [24] [25] [26] [27] . In such formulation, the displacements are linearly varied within the thickness and need a shear correction coefficient to correct the unrealistic distribution of the transverse shear stresses and shear strains across the thickness. To avoid the use of the shear correction coefficient, higher-order shear deformation plate theories (HSDTs) have been developed [28] [29] [30] [31] [32] [33] [34] [35] [36] [37] [38] [39] [40] . The purpose of this work to propose a new higher-order shears deformation theory for free vibration response of FG plates with porosity embedded in elastic medium. In this investigation the FGM plate are assumed to have a new distribution of porosity according to the thickness of the plate. The elastic medium is modeled as Winkler-Pasternak two parameter models to express the interaction between the FGM plate and elastic foundation. The four unknown shear deformation theory is employed to deduce the equations of motion from Hamilton's principle. The Hamilton's principle is used to derive the governing equations of motion. The accuracy of this theory is verified by compared the developed results with those obtained using others plate theory. Some examples are performed to demonstrate the effect of changing gradient material, elastic parameters, porosity index, and length to thickness ratios on the fundamental frequency of functionally graded plate. 
MATHEMATICAL FORMULATION
n the current work, a FG simply supported rectangular plate with length, width and uniform thickness equal to a, b and h respectively is considered. The geometry of the plate and coordinate system are illustrated in Fig. 1 . The material characteristics of FG plate are considered to vary continuously within the thickness of the plate in according to the power law distribution as follows
where the subscripts m and c denote the metallic and ceramic components, respectively; and p is the power law exponent. The value of k equal to zero indicates a fully ceramic plate, whereas infinite p represents a fully metallic plate.
Since the influences of the variation of Poisson's ratio  on the behavior of FG plates are very small [37] , it is supposed to be constant for convenience. is the factor of the distribution of the porosity according to the thickness of the plate [41] .
KINEMATICS AND STRAINS
n this investigation, further simplifying supposition are made to the conventional higher shear deformation theory (HSDT) so that the number of unknowns is reduced. The displacement field of the conventional HSDT is expressed by Saidi et al [40] .
where the shape function ( ) f z is chosen according to Mahi et al [42] :
Clearly, the displacement field in Eq. 
where 0 0 
I For elastic and isotropic FGMs, the constitutive relations can be expressed as: 
are the stress and strain components, respectively. Using the material properties defined in Eq. (1), stiffness coefficients, ij C , can be written as 11 22 2 ( ) , 1
EQUATION OF MOTION
amilton's principle is herein employed to determine the equations of motion:
where U  is the variation of strain energy; V  is the variation of work done; and K  is the variation of kinetic energy. The variation of strain energy of the plate is computed by 
where A is the top surface and the stress resultants N , M , and S are defined by
The variation of the potential energy of elastic foundation can be calculated by
where e f is the density of reaction force of foundation. For the Pasternak foundation model [43] [44] [45] [46] [47] [48] [49] [50] [51] [52] [53] .
where W K is the modulus of subgrade reaction (elastic coefficient of the foundation) and 1 S K and 2 S K are the shear moduli of the subgrade (shear layer foundation stiffness). If foundation is homogeneous and isotropic, we will get
If the shear layer foundation stiffness is neglected, Pasternak foundation becomes a Winkler foundation. The variation of kinetic energy of the plate can be expressed as: (13) where dot-superscript convention indicates the differentiation with respect to the time variable t ;
( ) z  is the mass density given by Eq. (1b); and 
Substituting Eq. (4) into Eq. (6) and the subsequent results into Eqs. (10) , the stress resultants are obtained in terms of strains as following compact form: 
and stiffness components are given as: 
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,  is the frequency of free vibration of the plate, 1 i   the imaginary unit. Substituting Eqs. (19) into Eq. (15) and collecting the displacements and acceleration for any values of m and n , the following problem is obtained: 11 
, and elastic foundation parameters. It can be seen that the results are in excellent agreement with those of Sinusoidal plate theory given by Zenkour, it is also concluded that the increase of porosity parameter leads to increase of natural frequency. It can be shown that the frequencies are increasing with the existence of (Winkler and Pasternak parameters). As the material power index increases for FGM plates, the dimensionless frequency will decrease. The variation curves of the natural frequency of the first mode of various functionally graded plates as a function of material power index parameter ''k'', for different values of porosity was presented in Fig. 2 . It can be seen that the increase of porosity parameter leads to an increase of the frequency of the first mode. Fig. 3 shows the influence of thickness ratio, on the natural frequency of FGM plates (ξ=0), the elastic foundation parameters are taken equal to ( 1 0 0 ) w s K K   . It can be seen that the ratio (a/h) has a considerable effect on the frequency of the FGM plate, (The later decreases with the increase of this ratio). 
CONCLUSION
his work proposes a new higher-order shears deformation theory for free vibration response of FG plates with porosity embedded in elastic medium. In this investigation the FGM plate are assumed to have a new distribution of porosity according to the thickness of the plate. The elastic medium is modeled as Winkler-Pasternak two parameter model to express the interaction between the FGM plate and elastic foundation. The four unknown shear deformation theory is employed to deduce the equations of motion from Hamilton's principle. The Hamilton's principle is used to derive the governing equations of motion. The accuracy of this theory is verified by compared the developed results with those obtained using others plate theory. Some examples are performed to demonstrate the effect of changing gradient material, elastic parameters, porosity index, and length to thickness ratios on the fundamental frequency of functionally graded plate. It has been demonstrated that the present analytical formulation can accurately predict natural frequencies of FG plates with porosity resting on elastic foundation. Also it can be concluded that the effect of volume fraction distributions, slenderness ratio and porosity on the non-dimensional frequency is significant.
